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MANUFACTURING THESE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film 
transistor with reduced threshold operating voltage and 
an electrical insulation film, and also to provide a method 
of manufacturing these. 

SOLUTION: The thin film transistor comprises (a) a 
source region composed of a source electrode 1 6 and a 
source electrical insulation layer 14, (b) a drain region 
which consists of a drain electrode 1 7 and a drain 
electrical insulation layer 15, (c) a channel region 
composed of an organic semiconductor layer 18 formed 
of at least an organic semiconductor material which 
connects the source region and the drain region, (d) a 
gate region composed of (1) a gate electrical insulation 
layer 1 3 provided along the lower surface of a portion of 
the channel region between the source region and the 
drain region, (2) a gate layer 1 1 formed of a 
semiconductor material provided on the lower surfaces 
on the same plane of the source region, the gate 
electrical insulation layer 13, and the drain region, and 
(3) a gate electrode 12 provided in the gate layer 11. 
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t/^y^SWt, (o) KWyl&l/KWyf 

(=) (Dm^y-^fMLt^K.^^ >m»t<o^(o«s^ 
hut. &«*fcw*«rw**i-a 

jyK-/- s/yay (s i &t/« K-^ 

• ->y = > (s i iim^s) a»fcfc*WJ: 

*mk t -r * m*« 4 ie^co »k h 7 y -^^ * • 
[»*I6] fifties- v— *m&,£.i>* ao 
>m.mt*s (c r ) , y (t i ) . m (C 
u ) , r/us = £i* (a i ) , ^ey^fy (mo) , * 

>y*T>- (W) , = «;/*vu (Ni) , ^ (Au) , ^ 
(Pd) . (P t) , A (Ag) , M (S 

n) , #it^yr=y^ sitt^yfa^K mm 
k -tzmxm 1-5 ov^ix*»^iE«fcoaMit k ? isv* 

p tmfrhte%-mwm\^£*)mfo£ixx\,^^ k&# 
»k i-5gs^« i-6 <^rna*icsatttf>»R h y y*y 

t»£ -rsss^jg i — 7 <75v ^naMwiBtecD^ h 7 y^ 



k rHkWjSa^i** 5 a £;h,5*m^»« 
SfiTV^a c £ 1-8 ov^riift'lc 

imxm i o ] tMey- h«£tffi»s#s i 3 n 4 , 

SixNy (x, y>0) , SiONx QnmttrJ 

m^m&£tix\,*&zk*ftmkirzffi&mi~-8<D\<* 
mi*«ii] m&#- hm%&mmt>K 10-15 

0 n m<D&^&m-t S r i: €r«M»i: 1-10 

i 2 ] s i 3 n 

4, SixNy (x s y>0) , SiONx^I^ 

w-r^>r t4r»fsti-*i»*3ai-i l^v^tt^ia 
i«»3k* i 3 ] itniafg i ^y- hm^te^®^ 5-5 

OnmOmtL, ^LT, WKSB 2 coy- h««t» 
0-15 0 nmn&Zfi&m'fZZk&ftmk't 

*m*«i 2iai^iih7y^^ 

[gfl^l 4] W8E»2W^-h«fEti»»ao#»0 
*i--5rt«r4»»fc-*-5»**l 2X1*1 3fSttO^M 

[ff^i 5] rftfay-;*ms&*&»Jf £ k^>«« 

^O^J; ^) ^@v^r <h Sr4#»i:i-$gS*« 1 - 1 4 <D 

y-/uf^Wk^, t'7/ywt:^ hy^^^yu 
r ^ ><k&®)RTS hyry ^ isik&ttoX. *) t*z>m 

®^y — n— trnyu^yw<y— ^pyy^y-N 
-^=a^*^/</— tr— ;n^i/y % ^y 

1 5<^i/^ix^S2«c^^ byv^ ^o 
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17] (-f) y- hJfcD&SMy- h 

(*) mfc#-hmf*&»mt:-T*f tir, miEy-* io 

1 8 ] HU^y- M^i^lSlf, * 

/^*y>-y, ^cvDfe, vumt, ^-yhi 
* tr^s— y-r >-y % pnjsu, j&fljxu^— *>y, 

MtSli: Sr4$»£-*-£§t*Sl 7X111 8&ttOft 

[111*120] w) '>y=ys«oisi:y-Mi 

(d) i/y 3y»«o*iB4#i:»^^» J: 9 4S 1 o 

-1 5 0 nmJ¥Ott*«»»&»jSi-SXa, 30 

(/>) «na»k^r-<*J: y v 

y, ^*^y*o^««rjfivvr;* h7-<^«i^^- 

tg^^^^^tD^TtC^^T 1000-1100 
M6 0-9 05>WUT, ->y<Z)Kll;ig|ffl 

0»/>ra^SrMCT^fBm2(7)y- M^fOTO 40 

h«Sv«»eO^®^ 5 - 5 0 n m/?t^)M 1 <Of— 

v m%Lmmjazm&-t z> xs, 
xftautv km yfs^Mtsxi, 



^ hp^y-77-fyf-> 3 y, ^tr-Aft*. 

[ft^2 2] Si 3N4, SixNy (x, y> 
0) , S i ONx»©«ftW*ft*ftJ:t)/X5 1 0- 
15 0 nmiP<D^2(om^ite^i:'5:^±l-S9:tt^~^ 
fcy^£t<fc#^J;9tt3 5-5 0 nml?coSlcom^ 

[ib#js 2 3 ] BUfiags 2 wm^i»»a^#»oi»'>fa3 

[HW^3S2 4] (>f) 5/y3yS«(D»iBl:Si3N4, 
SixNy (x , y>0) % Si 
ik&mt *) t£Z> 1 0- 1 5 0 n ml?^^ 2 

oo iWEJB2^««i6»a*»*ufc->y 3>-a««r* 

*Rtrafc*O^TIw:teV*Tl 0 0 0-1 10 0^-06 

«^BBI«*rii ISTWISS 2 <DmM&fcm<DT<ni/ y = > 
I- 5 - 5 0 n m&CDm 1 aQ&tfeftJB $rJB 

[0 0 0 1] 
(0 0 0 2] 

He*^ft»] »Rh7y^^ OUT, Ttftj i: 

lh7^^ (£AT\ TFETj i:^^ 0 ) ^-0H-e 
$)^c *t> J:<^^i^Tv^^FETli, ^JRgftfbK*^ 
#FET (J^T. TMOSFETJ k^b. ) "C*>o 
T, jy^V^*^-efca o MOSF 

ETIt ±<b IT, S i O 2 /tc^S i h7^^^ 
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FETI4, TMISFETJ ^Lt*P^tV> 

So TFTii, *&ftmmmk\.xmmzttm&tiiz 

MI SFETX'*)5o l5<hA/^tf)TFTI4, T^e 

/u^r^ • =»>^#y is}) a^&^yMtmt LT{£ 
fflLTf£K£jtt/0>S 0 7^7r * j£ 

Hr>y ^xD&ffiteRwyoxhv % V7i/i?*?<n=i* 

1-1 cm 2 /V ■ s e ciS^O, #y*>y 
=»>I4 X 1 — 1 0 c m z /V • s e cig-Cfcot, -t 10 

ftfcii, asa^y = >-w»«iatc»LT i^^i-i 

^kkb^jxt^So #y >"y =*>-i4, 7w 7 x. 
>-y =^\ctt+%=*is^\s-if-mto&iz£&wt8& 
<kT~—Mz£ vffi&zHz. t^jwt * - *>y 3> 

10 0 0 3] TFTl^^r^ • '>y = V 

■*#y *>y av^ft^awwt tr*«*»*i«»t;tt 

B«r»l/T^S. b7^**tf)#F3Sl4 s 1980 

[0 0 0 4] S3 5 14, fSJfcwWBlh^v^^oWrffiia 
T&S, H5|:^$tl4#B!?1 0-2 7 0 7 1 2^ 
*l£lE**nfc3SWIw*3^-a4* iS$&&|- K-:/Lfc*> 
y =>'**E±^>'^*^*«ttm«r*IlL-TTFT«i 
f££r 5 , 0 . 5 2 c m 2 / V - s e c <P&ftg 

So APL Vol.73. No. 1 (1998) l0&lZ&tll£* C.J. Dm 
ry b(4, l^tLT^y^^ K*rJBl\ JMKttmt 
UPTV (#y fxri/ytrsi/y) £ffiv\ tfilftlt 

«««-»tur K-^h-*yr=y >-«rfflv^r, 

^— ^#aW»OTFT«rf^»i-^rtlcJ:9, 3X1 
0 < cm 2 /V • s e c WfWSbS^tTFT^ 
T^So U*»Uft«Sfe, ^WTFTCOmW^®jSf4, 

*ii|M|(W»t)BV^TFTO»Bltt7^ so 



^l4*«**«a»»^ttffi^:»tT<C < , <f'U*<nn& 

looos] *m*mmtfH±. »a©tt5Wb*» 

y (#Jxtf. n = 3-8(^)n-ft7xy) , g 

*W*y-*— ^yft7xy, ^y7x-uy 

f^uv) ^sfes. «liaft«#y^-r±. 

St^L^SCD^ LfcW*m©«* 
«jtol3!i:U^M:J:oT s SH^tf-y =r-^-*5<J:l/# 

/h»^Xtt««l*y ^~tf>*T«*Kl4, L 

-(4, S£&#lcJ;^T/*jR£;h,S£>T, flUiJftiaE8l 
(4s «atas«40*v\ H«i-5»^W«>f«MWb«:t> 

fcbi-t#iLfe*brv^. wnafi*#y-r-i4, »*j«r 

[0 0 0 6] CCO^pid, St^WicSjv^ 

«w»»*«:*-r**«*wflc«-»f4«.afefer, 

w*t«»liSt«lfi'|BKOiaai:)llflt5 t i^ttSft 
ffi-e, ***riWttaf-CTFTffl<0*W(t:Ji*rrtBti-S 

ffi(4, /j^^/fflK^-y rf-r— ei4, o. ooi-o. 

lcm 2 /V -sec, y X 14 0 . 0 00 1 

-0. 0 1 cm 2 /V - s e c TfcSo $a^£*VTT^6 

Bti&?> 0 . 7 cm 2 /V -sec TfcSo 
[0 0 0 7] El 5 IC^-f X 0 fc, h 7 

^14, aS±*C8ft*tbtLfcy-h. SSy-h (A 

l*fcttPt/Ti) t:|)XV«t*«)BSTmk 

* % RBST«S«l(^)tl^l (^V^ir>-) . 

at/, B«i*«#l±i:y^/KWy (Au) Sr 
{!*.tv^o nexm*«»BSTiMMca, nc*i 

k vffl<o««tt*»J»-r a r t So 

[0 0 0 8] 
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[0 0 0 9] ^^^M^^i-^r 
[0 0 10] 

[0011] ^LT, ffSI h7^^^ 

£&Z>Z.k&&m'?*>Z>kmx* £ fed, HSfcfcSfclt 
TS*Ut:5, fftMDl-o^Tti, SS:®^**^ 

K £ R® s£<0 ffi v fifci" £ <b # * ff * * & < <o 

[0 0 12] HP*>, W*3jlJcE«*ixfc*Wl4, _bSE 



(=) ©«HEy-^««tWEKu>r>'««tWfW 

ftjf. ©HMsy-^ffitt, ^la^-hm^jte^s&r/M 
nxm&ztizv- hmmmz®m&y- bm\z.mtit 

[0013] if &m 2 1 ^ 

E*$iLfeJB«»-*5v^r, y-^««&i/Kw>«« 

I d s b 3 ti £ c t * 4* » * -t- 6 t o -c <fc s o 

[0 0 14] »3ft*3»Cffitt$ttfc*Mtt, UMIX 

[0 0 15] n*«4(Cffitt&Jxfca91tt H If^3S3{C 

'f'y^s T> K— ^ • i^y ay (s i R 

tfflSK-:/- (S i ^b/i-5WJ:!9JB 

[0 0 16] |»**5^E«Sttfc*Wtt, I?t#Jg4lC 

* n 5 r k ZftWi k <> ^>-c*> § a 
[0 0 17] »**6»ce«4ixfe3BMtt, 19*:jSi- 

m. y-^M^KWyfto, ^uA (Cr) , 
^■^^ (Ti) , (Cu) , T^^^[>A (A 1 ) , 
^■1)^ (Mo) , ^y^^xy (W) , ^-/>*r/U 
(Ni) ,^ (Au) , s<9i?<>J± (Pd) , fi^ (P 

t) , m (A g ) , m (sn) , ^i^y7-yy, 
m&ztix\,^zkt:$fmk-fz>i><D-?ibZ> 0 

[0 0 18] »**7^1B**ttfc«Mrt:, 

x^zz.k&ftmk-rz>i>(o-e3bZo 

[0 0 19] f»*«8lc8E«*Jxfc|gWtt. i^^JSl- 

fii. y — ^tiMKKyWl 0 0 — 5 0 0 nm 
<d *mir 5 r k k 1- * *> cox -5 8 
[0020] H#Jg9icrc«£ix^ipite, if^i- 
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=mt<<y v y ^^tm^^^-frct^^^^^is 

[0 0 2 1] SflsftJS l 0 icia^^tu^^^li, §t#Jg l 10 

-8^vNm^(cfE©$n^^i^icfcv>T. ^fey-h 

«««a»^S i 3N4, S i xNy (x, y>0) , 

SiONx ^a^^5l?-cM$ntv>5r t*ft 

[0022] tn&m 1 1 i^mztitiKwn, m&m i 

-1 O^VN-rtl^^cfE^^n/t^l^fCjoVNT, fufiEy- 
hfI$\if&f£JiaS 1 0—15 0nm(7)l|^^t«ri:^ 

[0023] ta*g i 2 icsai&^n^Bjm, it*^ i 

-1 l^)V^n^(cf5tt$n^^0^lC^V>T, lufEy- 20 
h^ig^I^S i 3N4, SixNy (x, y> 
0) % S i ONxMf^^J; !3^5S2^y- H 

[0024] in*;! 1 3 ictaft^n^^^ii, i 

&J§a*5-5 0 nm<Df?^£WU ^LT, HflSaM 2 CO 

hmSliffeftJf # 1 0 - 1 5 0 n m<Dm*z&i- z> r 

^^^Ftat-r^^^T^^). 30 

[0025] mxmi 4\c&mztitiftWte. w#*i 
2xiii 3icie«c£;h,fc3g^K;^T, m^m2<r>^- 

[0 0 2 6] IB*® 1 5 {CHS^^ix^^fi, if 1 

^tt5t<^Tfe5, 40 

[0 0 2 7] gf l 6 IfjfcJS 1 

-l 5<75V^-f^^^^c:|att^i^^^tc:^v^-c, fftfS*rt& . 

3Wk<8^ T:/9Mb^WW-<y 9 ft* 

y wt-a^K hy7x^7^^tet/hy7y- so 



&if*:<Dffim#, i£vM4, ®#y ~N-f ~^;*7^/<y 
t^/ut'u:/, #y t^^yur> h7ty, fuy^uA 

[0 0 2 8] W**l 7(^ffi*$ixfc«W«, «) 

h*witffiicy- h«*srjKrt-t-axa, (p) y-hjf 

0^ffi£#lc®«*fe»J8£Jgj£i-*Xg, (/>) Mism^v 

tsi^ (-) iuiEy-hm^iteS^^^^^irbr, 
ffirsay- h««tife»HS:-r^^ * ur, away-;**;* 

[0 0 2 9] 1 8 ^SEft^HfelB^H, 1S*^ 1 

^ v ^yy^ KSCVDiS, K 9 

[0 0 3 0] ItJftJg 1 9 lC|B«fc$ixfe«Wtt, if 1 

[0031] et^2 o^tzmztitiftwte. w ->y 

=i^S^^S®^y- h«««r»fiRi-*XS, 00 '>y 
a>S«<O»B^«:|c»b4r-r*J:0** 1 0-15 0 
nmJ|C^«^l6aSSrJKfiE-r5Xa, (a) HWEttflHr-f 

v- h««aft«wsr»j«i- sxi, (-) mmm2<DV- 
h m$i&&m *Mf& ufc y a ya«^^s&^<^ 

#ffiTtC*5t^T 1000—110 0tt6 0 — 9 o^ra 

»tr, /^-^y^csttJifc-yy ^y^g^ 

^©Sr^fb-rs n ^ l^i: 0 XRft^r-Y* J: 9 y-* 

^ia^2(Dy- h«5c»»eco*«oa/>raBRSfiii:r 
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i-«xa. (*) UMB^- h«£Ufc»«£-^;** £ It, 
HMsy-*m£tffe»S&u< KM >««imm«>±I£* 

[0 0 3 2] gfjfcJS 2 1 i^fa«t$Hfc^^ti, 2 10 

— »»36»feo-t/u7 • T-tvyy , - 

[0 0 3 31 W*3S2 2(cR«Sttfe«Wli, Si3N 
4, SixNy ( x , y>0) , SiONx Swift ^ 
-f Hft-fi** 9 ft* 10-15 0 nmff£>ft2£>tt£[|& 
IM -fclCRItfcXBMfc^-f «k 19 ft* 5 - 20 

5 o n mnoi i vmxMmm t -cm^tt^ t zism 
[oo3 4] m#m2s\z.mtiL2tiitmm&. mm 2 

[0035] iff#*2 4fcie*3ixfc»E»*, (<f) 

a^XSoaiEICS i 3N4, SixNy (x, y> 
0) , SiONx^tft^SRft^O^lO- 
1 5 0 nm»WJB2 0««|ft|RJBSr»^-t-atfa, 2ft, 30 
t>\ (o) «rKfll2 0««Ufi|ftJ|<r»AL^^y ^IS 
^^SU^SfcO^ftTl-^^T 1000 — 1 lOOt 
•C6 0-9 0»»Ut, i!ftfES&2 0f^i|&»J§<D# 

»<7>»/>lWlSt&iB crgfrfa^ 2 oihkioto'/ y 

«««»JB<0»®l- 5 - 5 0 n mJ^(7?m 1 ^SftffittS 

HloHil^ttB-efcs. 40 

[0 0 3 6] 

[0037] *««o»ih7y^^ii, M) y-* 

fc, (n) yiii 7Xt/KMv«ftl6IWB 1 5 so 



l 8j&*feft*^*;M4B«*: H (=)© 

fiaEy-^ffliet^EKu^vfflwtoraofflriE^-r^ 

/U^Jg^TSI-teoT&lt^y- h«ftf6»S 13,® 

H(ffey-^ss^. B^iay— 1 3&u<«Ha k 

M$^y-Mil 3fet/»c®S9Say- hJi i i \z.& 
It fey- h«ffil 2^P)45y- hM££. «r«*.T!^ 

So 

[0 0 3 8] *SBOiBF9V^^ll, ~<D£?tj: 

WE*:*!!*.* t , hffi*ifi«W*T«^*ft:» l 8 rt 
lc*3lt5y— h«ftlft*Wi 1 3eoifi»-Ctt. MtLftmiE 

<Dmmz&&irzim(D*->r y ra*iii^*>ixT£aB 

#38£-f* 0 Sfefc. *S ft WE 

/ll 8<7P^- httftUMMI 1 3«Kittfl»iH»feUfcfflSfc 

Jflc*i r yraM*je£ft*J:5lcft'K tt^tt^*** 

If pHlcfiCi"* <fc 5Kft*. v^ofc^S(E*^Ci*» 
<5t^— h««l 2fcta;tfeixfc«EEtt\ ^Ciolf 

* P BP*>, ^Jirtiii**«lcaLfc«tt-^i![^lc 
ft*. i©i5ft«*-c, y-^w {14, 16) t 

KK>«« (15, 17) Hlc«E«r*Px.T^n«y 
— ^WJA^fe KM>ffi!llC36»d»-3fc*V^JHc9l^tLT, 

**I2, HTV^^Hlf^LSV^ttE^ifiaLfct^ 
[0 0 3 9] *»Wlci3V^Ttt, f^y-^MK 
ffifcK«£*t*i:#i;L* ^^*^«B*as^— 

gu-cfcsy- ht^iffe^l i 3 £^LTfftf5<>*- hji 1 

«y-F«Si 2aS|»Ey— hSi l^ssi-iact^n 
xv>6^-c, y-^««i 6 ty- hm 2 ^^ragfc 

v^ttKMxMi 7^y-h®^i 2 k<Dffl<nv-? 
[0 0 4 0] ^l&WwWBIh^^^^lcisv^T, *<E> 

<t*:t, ©mjE^^pu^i-<-rs^:«>icy- 

®KWB*lc»^bfcy--x«©*iryr*!Kat? 
KWyli:8i»S-fr5'<<, y-hm^jffe^@i3^ 

y— *«£tfes« u/KM ^tt^ig^e i 5 <t?^ 

tWfc**, KttftfftM 1 3$ry-^m 

«»»«1 4/ KU-f v*«U6«ii 5cfc!p^»<^6 
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V\ *>fc*lc, Si02 (OKH;^ti3. * 
ft, S i 3 N4 (7)^^117. 5-C$>5o 
[0 0 4 1] IttlSay-hJgl lWta««r«feSct3ft5T 

*5f, T>-h'-7>- *>» =»>- (s i*^A) ai/K 
K-^">y^ (Si*M) A^*6»J:I31«S 

[0 0 4 2] nflffiy- h««i 2, y-*«® l e&tf 

Kl/>fytS 1 7J* S «x.tf, 9 & J\ (C r) % 

(Ti) (cu) , ta^-^a (ai) , ^yy 

(Mo) , ^y^7V (W) % ~>ytr/U (N 
i) , & (Au) s '<7isVJ* (Pd) , 6& (P 

t) , & (Ag) , m (sn) , ^i^yr^yy, 

tfo-zK »«tt^y ^T^ifclWMKSM* 20 
It. »*L<tt, 30-5 0 0 nmti)^ ^UX, fill 

fey- hia&i 2. y^tii6&r/Kwytii 

&mft?y:x*. ^fy^-f^y/, BUBO, 
[oo43] Miay- h«£ i 2 , wifcy-xmm i 6 

MKWylil 7tt, #*L<«\ A uli: CrI 
twrJBMxttAuBtt P tKfct^-JifMfifcJ:*)* 

mm i e sm? k w ym^i i 7 * - Jim*&-c#i/£-r s t 
z v - o -t ? (s^ l t m»t#t4 * & s-r- 6 r t a* 

[0044] away— 2, y-^tii 6&u< 

KW^W17I1, 84KI1, 30-5 0 0nm(O 40 

[oo45] away- hms«6»« i 3 fa, % 
*ftii^y =*>mtto* ->v=>mtto. 
to. '<vvj*mm>, 7huyf^^«, 

to. J±mtto. vx^xmitto, P^f/uM 

>®&7y*>\ Foyf^, 7^v&/< so 



#£L<li, S i 3N4 S S i xNy (x, y> 
0) , SiONx &<Dmittr<><mX'm&L£tl2>o 

[0 0 4 6] atr&y- h«s*fi»»i 3ji, 7vu 
ft*MMUfe J: 9 ft*y- Mt£tffi»;i i 3 li, r^^ 

It, /^y[>A (Ba) , *ho><^?^ (Sr) % 
y (Ti) , (Bi) , ^V^U (Ta) % 

(Z r ) , ft (F e) , =- ytTJl> (N i ) % 
(Mn) , (Pb) , ylstl/ (La) % y ^ r> 
(Li) , thy^i, (Na) , 7Jy^A (K) , ^ 
tre/^A (Rb) % irv-^^ (Cs) , yy^^^J* 
(F r ) -<y y *A (Be) ^i/^v-^^ (Mg) , * 
/Uis&j* (Ca) , ^ty(Nb), ^y^J* (Tl) s 
(Hg) , ffi (Cu) , (Co) > p^!> 

(Rh) , **i/i>VJ* (s c) ^hy-)^ 

(Y) Jz^tt^Wj&^SB^^ix*. IfffB, T^a *i/K 

— /u % ^n^^^x^-;^ y' h ^ i^^i ^ y — 
Vh^ri^m^y— /P, h^v-j:^ y — /U, y b*"is 

/<y- yu, y^^p/V-^ ^yh^yyp/V 

[0 0 4 7] ^-hf^Il 3&±!EL*:J:5**t 

rfct^c y-hm^iffe^l 3$rS i 3N 

4, SixNy (x, y>0) % S i O N x *©att^r 

$ h \z. « $ -fr ^5 w 1 1 ta Z o 
[0 0 4 8] -tLT, MIE^— K«ft«*JBl 3 11, $f 
*L<tt, 10-15 0nm(Df^U 0Utll I 

[0049] ^:%^^isv>r vn^mm \ 3 

$t,{C^^L<ll, Si3N4, SixNy (x, 
y>0) , SiONx ^(Omit^r-fm^^ KZ&ZO 

vn&im.m 1 3 b t*<D±\z.m+bnti-mik* 



0) 
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-f*J:0fca»l»y— 3 a fcTMftSS 
iX^o tfTffig^ ltf>y- hmStffeft/g 1 3 a»i, #$L< 
H, 5-5 0 nm<Dj£^£*TU fiffpEM 2 <n*f— 

h«*&ffe»« 1 3 bl*, #£L<li, 10-150nm 

[0050] roj;5ic, y- htt^^^-^l^-T 

ft*£52coy— httfttfitM 1 3 bKf yl^&o 10 

r\ wtt^ssftti i8^- hMteati 1 3 

[0 0 5 1] "IMfcy-f* (Si02 ) ItS 

i 3N4. SixNy (x, y>0) , SiONx ^ 

y* ho-A^b i ^ t? *^m&tvtmftw< ^it<D 20 
by y^mi^^^xmrn^^^p o o i e 

-F r e n k e 1 ««Ettftfeni", h 
m&)ftWR$:mmtLrtk*ti:1*:ZZ tic**?, h7^ 

[0052] $ tic iftfejg2<oy- httfttMM 1 3 

S:St50-C, »ty-f*J: *) * IB 2 tf> y- bm$L& 

mm 1 3 b o±^»«t fetLfcrn^y-f * <t 0 1 

[0 0 5 3] ^ffiy-^m^i»«® 1 

4 £ k u-r ^«^tfe»e 1 5 1 toww-t, u < 

t\ sway- m^^i 1 3of^j; 9 t>J¥v^<£>£ 40 

[0 0 5 4] jWgE*r«¥WMI l 8 6 
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TKy^nyutfu^, *y tr^yur^ h^irv. tru-^^ 

* e 6frsa^»#s 1 8 

its *y vjr. -oy^y^ 

M^y^x^uy^uvm^oxt)^ 

[0055] m«5*«¥**« 1 8 it. mm, it^m 
[0056] en *Kw<nmmvy>'is*#<om&m 

1 

(n) y-hJSi 1 03«S^flc(c««nfftJ| (13) $rfl$ 
StSia, M fflfl&««Ctt«JI (13) tr^/< 7 ^y 
>-y, t)^. h7^yW:/^« 

= y^Lty- hMtttUl 3Sr»*t5X8, (-) 
mney— hm^jffe^S 1 3 ^-^^^ t LT, /^-->- 

yco^icg^ttjL^y— 1 ico^®tcy— ^«$Euetft 
(*) gfrsay- h«^ie»ei z z-r^tt tt, jKriay 

1 4 ^t>' K l^-f ^«ftfft»M 1 5 <o±\z 

&Ww, (a) griEy- bm%mkm\ 3±ir- 
[0057] mm*¥&we>m& vy^v** <omkm 1 

fOL-TZ [B2 (A) ] „ 

S^^^ffiCD^®^, 0yx.fl, laS^r 7 5 0 — 900 
t:> ^fB3^3 0-4 5&mmt UT, S i 3N4K^jK) 
5 0 0 A<D^J?-C/£figU T^ziVtf^SrJBi^ 



17 

t«tt»ll 3$r3f£j&-f-£ [El 2 (B) ] . 
'»BW X& 

«#t6y- htMfiSMl 3$r^x^i: it, SltJil 

fcv'y a^ss^ffi&w&tfiaK ioo o'ca^ iio 

0X1. W6 0^^9 0»-C^oK«J:!)S 

i02 ^iMli:^It5 0 micj: o s y— 

[02 (C) ] o 
• «TE(=) Ig 

C r J^«t Aul^^y * A-"?* * £ffil>T!&3t LT C r 
nmk*MfiL?Z \M2 (D) ] D 

y-^®^ (14, 16) <t KW^«c (15, 1 
7) <oF^y- hft^fgftii 3±£*^¥»##**-e 

=J-"hCJ:^3 0 0 0 r pmt 1 0 0 0-3 0 0 0A 
^ff*fc#RLT#«¥#fWBi 8SrJKfiSr* [EI 2 
(E) ] . 

[0 0 5 8] lftIE#y tt7x.>\£ft&Zti&n#eft*k 

\f\ #y ^^-7^>-(0{|iJ^(cT^^r/uS^^Sr 

iAtSiiiaot, -«ttfc*tt^<0*#ti:, API 

y tvi**^*-*-:? = fe-^ffiSi:: J: 3tfcfiSifliJt!feas 

hT'li, 3:te^#riv.h£V>fc#), head-to- 
head (ffl-S) * McJfc^T, 

jf i 8 jcwietk y r y */i^a-:7 ^ >-w^ « 
[0059] (i i) *mm<DBmb7>>iSx?<nmm 

M2 

**WroJIRh5^^W:, (>f) vy =*>-g|gl 1 tf) 

SEffiicy- h«ffii 2Srjgfi8-raxa % (p) i/yays 

3 a) SrJKfifc-fSXa, (*) ItMft^^ ^ «t 0 ft-StS 

(i3b) r*$0> 

^&*m^X* h^^y^lc/^— ^y/LT 1 0 — 1 
5 0 nmffc0JB2Oy- h«SU6»S 1 3 b *«fifc-f* 
l»* (=) IISBS2oy- hSSUetftl 1 3 b «rML 

fcf y ^ ys« i i §T7K^^5i?^^T^fevNr i 

0 0 0-110 0fC6 0-9 O#[HM03&LT, 
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=. :y ^ (OWz&th y 3ySS©*B«:Wkt6r 
*b^-t 0z:»fl:4r>f ^^y-^l^ii 4ft 
k w yi^^i i 5 &j&j&*rz t #iw, fftiass 2 

oy- htt«U6IWR 1 3 b 0#ft<7>«/>raR9SrilCTSU 

is® 2£>y— Km^vite^Ji 1 3 b^T^v'y = ^g^g 1 
< i: t>«»«»cft#$*, io. Mie^2<oy-hm^ 

te&JI 13b *>*ffil:i 5 - 1 0 n miPW^ 1 <£>y- 
10 ft&ftB 1 3 a I«. (*) flME^- h®£lf& 

8tni 3&^x*£lt, sarey-^aft«»»i 4ft 
6WKMyfii7^Mtsx§, ftuqc, m 
¥mmt&tt»¥m#M 1 s sr^-t-sxa, £«s#: 
[ooeo] m%tt&w<nmm h 7 * <Djg}£#j 2 

OlQ-c mOl*M£fSI Si (001) StS^Sffii-T/U 

«iuiMfoy-n«i2t»*ta [(3 2 

(A) ] 0 

■ IS 

0—900^ ^^2 0-4 0^Si:U^^D 
v^7y (S1H2C1 2) £T>-^ = r (NH3 ) £ 
30 fflv^f»cVD«fe*Afeo<k*«ttfelcj: 9 S i 3N4I 
£l 0 0-1 5 0 0 A<7>RJ£T?]«IRU r/u=rv 
#;*£/B^*:;*^:y y l^ifc^C 2 F 6 , CF4 
CHF3 *«rfflv^Sl£tt-<^-^yf L >^«P^J:'3 
^ h7^^^-=y^uy- hl^iil 3 

[El 2 (B) ] 0 
•«H5(a) II 

^« 1 1 $T7K^S.U ? ^Off?tTI-^V>T 1 0 0 0-1 

1 0 ot:-e6 0 — 9 o^»tx, =->^<Dm 

m\L>T'<m& *)KZ> 3 0 0 — 1 0 0 0 nmWy-^I 

SSitefiUS 1 4 ft K l 5 fcflMM-* i: 

Hijis^2coy- sm^ife^M 1 3 b©^*> 
mffi&&tx$!tzm2<Dtf- bn$L&&m 1 3 b<^>T^ 

2 hfa&te&S 13b <O^Sd(C 5 - 1 0 n mi?<^ 

m 1 ^y- h««i&i8UB 1 3 a tteffctz m 2 

60 (C) . EI4] e 
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c rmtAumtz* */i'T*?&m\<^xm%i,xc r 

[El 2 (D) ] e 

y-*m® (i4, i6) t vu^^m^L (i5.i 
7) v>M<DV-hmn&&mi 3±z&m*m&tt&v 

mtbZXi DUTIES Lfc**A^*^£rJBv>-C, #l;t 

=a— h(dct!9^3000r pmtl 0 00-30 00A io 
Of^l^I tTt«¥^l 1 8 SrMt6 [(2 2 
(E) ] . 

[0 0 6 1 ] *&W<Dn%L&&m 13(1 S i 3 N 4 , 
SixNy ( x , y>0) , SiONx $$<DW?C>T 4 5fc 
Ib^&Jcfc 9 ft 5 10-15 0nm®^2(Dl^i 

1 3 b<h^^±i^ttfc-^b^^^L^J:«9^5 5 
— 1 0 nmJPcOgS 1 <£>a^*&£Ug 1 3 a <t &*TLT^ 
£ e *LT, fttfafg 2 C0m^*&&/f 1 3 a <D&Wl<D®,')> 

'>ft< khm&&ll^L,Xi,^Z> 0 20 

[0 0 6 2] rco«t 5ftm£Ufe31*§Si 3H (*) *>y=i 

VS^l 1 CO^SiwS i 3 N4, SixNy (x, y> 
0) % SiONx^t^g^i^^lO- 
1 5 0 n mm<nm 2 ^m^lfe^ 1 3 a £7f£/&i-£fT 
»t/, (*) l!tlfES&2^m&Jf£&/l 1 3 a«r»J*U*i 

y =1 i i «:**atr/»*o»ftT»-*5v ^ i o 

0 0-1 1 0 0tT6 0-9 O^MUt, HrrfeM2 
1 3 a <D&&<D®l'pmffi&m CTIftfE^ 2 
<B«ft*ft»S 1 3 a <DT<r> is y =i 1 1 CD3t® b 

»»^f+*$*. BtTSE® 2 <am*lffe»JB 1 3 b (75 

5 — 1 0 n rnHicO^ 1 OttSU&Skfl 13a £rjfcj& 

[0 0 6 3] 12131*, *«fl(DBa«l:J; 9ftJ{££*t*: 

Ell 3 , y— ^miE^t/icy— Ku^r 

[0 0 6 4] 

HSW^ab*] (l) §9**1, i7-i9l:ffi«Sti 

(2) »**2^fEtt$ixfc«W(cj:Jxtf, y-x®-fS 
cofiflco y - ^ ««tt«raiisij-t-* w <b ^-e# a e 

(3) »^3-5»Cf£tt$ttfc«^|Cj;tt«, y-h 

*i%-ikt>mtiz> 0 so 
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[0 0 6 5] (4)19**6. 8KK«fe£ixfcS&9!i£<fc 

*uf , y— h®$, y-*®*$&t/ kw ^msi^s^ 

(5) 1***7 \cm&Ztiit*9i\zZtirt: % y- h« 

<z>««*r*|j&s*Uc:< < U ^(Dtitb^, 9 

(6) 19**9, l lfcK***ifc*WfcJ:mf, y- 
ht«IMK | l2:a£IM£L^t< ft 9 , Vyisi? 

[0 0 6 6] ( 7 ) §9** 1 0 tcEttS^IBM^ 

<ft9, ^7>^^^»^oL#v^«EE^^^^c^B:^^i- 

(8)19**12-14, 2 0-2 l l-IE*££*L*:3&ej! 
»»-*ric*ixfc-»^>r *J: «9ft£SHl ©y- H®ia 

2 coy- h®^te»®w^»co|»/>RgK^i^ffi(c:ift^y 
-Y*wBI«r^ft< £ Wattle* U *»A»aiMk4r-<* 

X 2 coy- h ««ffe»JI<a±(c:8m btilz-mittrof m 
[0 0 6 7] (9) ?9**1 5KfBtt£;h,fc$&Wl£j;tt 

t»SI*»ixr Ku-f vffl«tw®iR$^S<ft5 0 ^n^>co 

(1 0) 19**1 6^1B«$ixfclSMI-J:Jxtf, ^T«¥ 
®#tt»3o?, r>-h7-t>. -r h ^ir 

y ^it&m. hy^x^r^ >-<t&vo&x* h y r y - 

^^^^ii*, SfeVMi, ®^y -N- tr^^^;yw<y 
— ^u, /ND^^y -N-br^/u^/u/^y— /u, T^y 
^fi/V, J^y tr^/ur^ K^ir^, fi/y^uA 



(12) 
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r frf fc h'ffiffiRXfx- f-/l>%/i>s< /-;i^t;UA7^f t 
KWM «t 9 ft S Wd* S *l 5 W#^Hfc-6« ft ^ £ 

[0 0 6 8] (11) §jt#Jg2 2-2 4^SEttS*tfc« 

^xh±mzMf&£titt-mktr'<m± v *z>m i <oy 
y- hsa*fe»»raic^i-6?rfH4o*)S y -*®$fE 

J; 9 ft £8* 2 oy- hm£viK»So±i£tfcrt ^nytz:^ 
Iiaaaoffi^ftift^] 

[0 1] ^KWO-Hlfi^jiBSr^-rSHJSh^^^^ 
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[0 2] *»Mo-*tto^lg€:5%-fWBIh7V^^ 
[13 3] *«WO»5t«lcJ:?>»Jff$ixfc»Blh7^ 
[EI 4] *«WOffio--*lfiOJg»S:^i-*ll)lh7>^ 

11 y-h» (&k) 

12 y-hss 

13 y-hm^*6^s 

i 3 a gioy-si^ti 
i3b m2(ov-hmnmmm 
i 4 y-*««i»»s 

15 Ku^T ^SftlfttH 

1 6 y— *wi 

1 7 KK^tS 
1 8 *r«*^»#S 



[Bl] 



[BI2] 
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y— k (a i *fcupt/T i) 
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BD01 BD02 BD04 BD05 BD10 
BD15 BJ01 BJ10 
AA06 AA30 CC07 DD01 DD02 
DD03 DD05 EE01 EE02 EE03 
EE04 EE44 FF01 FF02 FF03 
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